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(54) Laser ultrasound probe and ablator 



(57) A laser ultrasound probe, suitable for intravascular use, 
of the kind having an ultrasonic transducer element 
comprising an ultrasound receiving surface of piezoelectric 
polymeric material and an optical fibre with one end directed 
forwardly from that surface and arranged to receive laser 
radiation for transmission through the optical fibre and 
emission from the said one end thereof, wherein the optical 
fibre is coupled with laser source means adapted to provide 
alternatively a relatively low average power laser beam, 
which, when modulated or pulsed and emitted from the one 
end of the optical fibre and incident on a target will generate 
ultrasound at an intensity suitable to be received by the 
transducer element and converted thereby into electrical 
monitoring signals, and a relatively high average power laser 
beam suitable, when incident on the said target to produce 
ablation thereof, the transducer element being sufficiently 
robust to withstand the ultrasound which is then also 
generated. The relatively low average power laser beam may 
alternatively be at a first wavelength which, when modulated 
or pulsed and emitted from the on end of the optical fibre 
into a medium which is highly absorptive at that wavelength, 
will cause said medium to generate and propagate ultrasound 
at an intensity suitable to be reflected by a target contacted by 
said medium and received by the transducer element and 
converted thereby into electrical monitoring signals, the 
relatively high average power laser beam being then at a 
second wavelength at which the said medium is transmissive 
and being suitable, when incident on the said target to 
produce ablation thereof, the transducing element being 
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LASER ULTRASOUND PROBE AND ABLATOR 

This invention relates to probes comprising a forward-looking 
ultrasound receiver and optical fibre means for directing laser 
5 signals on to a target to generate ultrasound to be sensed by the 
ultrasound receiver, especially for use in intra-arterial imaging 
and, preferably, therapy. 

It has been proposed, in a paper entitled "Analysis of the 
acoustic response of vascular tissue irradiated by an ultraviolet 

10 laser pulse" by H. Crazzolara et ah (3. Appl. Phys. 70 (3), 
1847-9, 1991), to use an ultrasound probe comprising a disc of a 
piezoelectric polymer, specifically polyvinyl idene fluoride 
(PVDF), supported on an end of a metal rod element, to monitor 
the ultrasound generated during ablation of a target by incidence 

15 upon it of laser beam pulses emitted from an end of an optical 
fibre which is physically separate from the ultrasound probe, 
thereby to distinguish between incidence of the laser pulses on 
normal arterial wall material and on calcified hard tissue of a 
sample of arterial material being investigated in vitro . 

20 Probes of the general kind to which the present invention 

relates have alsq previously, been described, in UK Patent 
Specification No :r 2212920, which describes " inter al ia such a 
probe in which the ultrasound receiver comprises a dished 

< t ♦ * f m * « ■ ^ 1 - . t 

circular transducer element of a pi ezoelectri copolymer -material 

25. ,such as PVDF and an .optical fibre projects coaxiaJJy through the 

centre, of the transducer element and has an end, ^Ln froni of the 

transducer element, from .which laser beam pulses ^aVe emitted in 

use of.'the apparatus to strike a target, preferably. \at aVfocus of 

; the dished transducer element, , causing it to emi t /laser-induced 

30 'ultrasound signals ; . whicii ,.ar.e received by the : transducer element, 

.thus enabling the target to be investigated ul tr&soriical ly . 
, . •■ ••.*«. 

It is an object crOf,. the present invention to provide an 

improved laser ul trasound - probe',, suitable for intravascular use, 

i.of the kind having an ultrasonic transducer element compri sing an 

35 • ultrasound receiving surface of piezoelectric polymeric material 
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and an optHcal "fibre, with one end directed fprwardly from that 
surf ate-: and arranged to, receive laser radiation for transmission 
; through! the optical : fibre and emi ssion . from the said one end 
. thereof:. • . v, •;. f-KXz •' • :-.-;: ; jb/. i c~-. : i ~->:.. •. ■■' . 

;5 • Ac-coirdiogs t<& J ope r aspect (qftj&tbe c invention,/ *the, optical fibre 
r of sufjif a bprobe* |s,r coupled with -laser ^pqrceb means adapted to 
provide. #1 ternatri vely- -a ^reHti vely,- 4ow : ^venft.ge cpower laser beam 
v v whjcbvr v^en j modulated , on pulsed and; emitted from the one end of 
the. optical-^ fibre :and , incidents on. a- target, : ; will generate 
10 .ultrasounds ;at: an intensity \ .suitable . to be ; received' by the 
transducer ( element., .and ... converted ; thereby *intQ electrical 
..• monitoring, signals, and ..a* relatively high average power laser 
-beam suitable, - when incident on the said target, to produce 
: ablation ; thereof, . the transducer -element being sufficiently 
15: '■ robust to withstand the ultrasound; which is then also generated. 

/ According , to another aspect . of the invention., the optical 
fibre of such a probe is coypled w.itb laser source means adapted 
— to provide alternatively a relatively low average power laser 
beam at a first wavelength which, when modulated or pulsed and 
;20 emittedcfrom the one .end of the optical fibre into a medium which 
is highly ± absorptive at that wavelength., will cause said medium 
to generate . and propagate v ultrasound. -at an intensity suitable to 
be-re/-le;cted by a target contacted by said medium and received by 
..the transducing element and converted thereby into electrical 
25 monitoring signals, and a relatively -high average power laser 
. rbeam. at :a\ second wavelength ;at which the said medium is 
transmissiva and suitable, when incident ;on the said target, to 
.produce, ablation -thereof the - transducing, element being 
sufficiently robust to withstand the. ultrasound which is then 

30 also generated. - ~ . • : 

In a particular form of; this last-mentioned probe in 
accordance with;, the - invention, the --said one end of the optical 
fibre is directed in a forward longitudinal . direction of the 
probe and the said ultrasonic transducer element is a forward 

35 looking transducer element of the probe,- susceptible to 
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. ultrasound generated and propagated fortoartfly 1ft the said^medium 
and" 1 reflected by afirst target tocatetf Mtfthe' :foirward direction, 
' : and the . probe ; i s further r ;provi ded: with sat teast one s i deway s- 
looking ultrasonic transducer element susceptiMe to ultrasound 
5 * ^generated and v prop£$at£d in- the ; said: mediae "and reflected by a 
s^cdnd^TaV^t 7 to^tacted by ' the- m§di iM arid ^disposed laterally of 
^the'-prbbeV Preferably Such a probe* provided' With^ a plurality, 
say -'sfxte^rt, -'of n^thfi' ^s^deways-looktrtg " transducer elements, 
dispos*ed eircumferentially- round the probe 'and each having its 
10 bwn electrical output-signal connection: for connection to signal 
processing* apparatus for image *deri vation. 

In any' of the embodiments -of • the • invention as referred to 
above; the said one end of the optical fibre pref&rably projects 
- through and forward ly frdm the said ultrasound receiving surface. 
15 Preferred embodiments of an improved laser ultrasound probe 

according to 1 the invention are described below with reference to 
the accompanying drawings, -in which:- 

Figure 1 is 1 a- general perspective vifcw showing a probe 
according- to the invention, together with coupling means for 
20 1 coupling an optical 'fibre of the probe to laser source means and 
electrical' output connections from a piezoelectric ultrasound 
• ' } transducer of the ^fobe- to electrical rece Wef -means (not shown); 

Figures 2 arid 3^ are respectively an elevational view and a 
longitudinal secttortal- view, both on a larger - scale, of the probe 
25 shown in Figure U ' , : 

" Figure 4 and ' 5 ane :i * longitudinal sectional— views of two 

further embodiments of - a- probe according . to .thB invention, 
incorporating minor ~ ton strut tion'al modifications of ; that shown in 

Figures 2 and 3;- ' ; : * - 

30 Figure 6 is a phantom perspective view showing an electrical 

connection- of the probe' shown in Figure 5.; 

Figure : 7* is a -longitudinal sectional vi { ew of another probe In 
accordance : "wi"th the invention; and 

"Figure 8 is 'a 'cross-section taken on the line- VIII -VI 1 1 of 

35 Figure 7 . , 
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The -probe shown;, in Figure 1 comprises- a probe head 11 ^ from a 
front end face of which projects one end of an optical fibre 12 
^which -may suitably .be a PCS 600, optical fibre), rand a cable 13 
- to which the probe head 1 1: is J secured; and through which extend 
5 the optical- fibre; .12; and an- electrical! connect ion from the probe 

• head , as will: be ' described-,-- ^The connection between the probe 
■•' head -11 - rand; the: c-ab-1 e . 1 3 may- - be covered and mechanically 

strengthened by the^ provision of - a shrunk-on- sleeve 14 of 

• suitable plastics material; as shown in Figure 1 ... At its other 
10 .end, the ■ cable 13 extends into a signal connector or manifold 15 

. which - includes an electrical .socket. 16, for example a standard 
■•' SMC socket, -at which the electrical . connection from the probe 
head 11 is terminated. ^The optical fibre 12 extends continuously 
through and beyond the manifold 15, and within a protective 

15 extension cable covering 17, to an optical fibre connector 18, 
such as a standard SMA optical fibre connector. By means of the 

i connector 18 the probe head 11 is connected to the output of a 
laser (not shown) operable selectively at either of two different 
output .levels or (as shown schematically in Figure 1) to the 
,20 outputs of two lasers: LI and L2 each operable at a respective one 
of two different output levels. Thus the exposed end of the 
optical fibre 12 can be made to emit either lower average power 
pulses of laser light which, pn striking a target, generate 
ultrasonic pulses "which impinge.r on the probe head 14 and are 

25 converted into electric signals which appear at the socket 16 for 
processing , in an ultrasonic investigation of the target, or 
higher- average power - laser: pulses- suitable to produce ablation of 

the target . *" - -- 

1 The. probe head Tl shown in Figure 1, and its connection to 

30 the cable. 13, are -shown on a larger scale and in detail in 
Figures 2 and 3. The probe head 11, as best seen from Figure 3, 
comprises a stepped cylindrical shell 20 of perspex or other 
suitable electrical insulating . material, of which the 
smaller-diameter section is internal ly threaded to receive a 

35 brass or other conductive screw 21. with an axial bore 22 through 
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• which the optical' fibre 12 extends. The interior of the larger- 
diameter section, of the shell 20 is filled' with ;a silver-loaded 

^r 1 epoxy resin plug. 23 (through which: the optical >fibre 12 also 
extends : axiallyK The plugn23 and" the surrounding edge of the 
! • 5 ' s he 1 1 :2G * provide; a: support for: a piezoelectric transducer element 
' 'in: the form :of : a superposed ftM 24' of a < piezoelectric polymer, 
^ sui tably^PVDF, provided With a- 4netaVl:ised surface film 25 on its 
+3 : " surface remote from the plug 23. ; The piezoelectric film 24 is 
- bonded with a suitable adhesive/ for' 1 example* cyanoacryl ate , to 
?*10 T the plug 23 and to the annular and of -the shell ,20 which ensures 
electrical isolation of the plug 23 frorfi the metallised film 25. 
The film 25 is covered by a fini shi ng ^surface layer 26 of silver 
conductive paint which also covers the outer surface of the 

sheTV 20. • - ^ 

' 15 The cable 13 has at its centre* the optical fibre 12 and also 

' includes an 1 inner* electrical ; ' conductor in the form of an 
enamelled - copper wire 27 of which one' end; -stripped of .its 
insulating enamel, iss wrapped around the threads of the screw 21 
whefe it is held in place by means 4 of a shrunk-on heat-shrink 

20 sleeve 28. The 'cable >3 also includes an* outer screening 
conductor formed by a -braided copper sheath W, and one end of 
this is secured by means of si Iver- loaded* epoxy- resin 30 to the 
conductive paint coating 26 of the shell 20. 

Thus -one surface 1 of the PVDF film 24 is electrically 

25 connected by its metallic fiVm- layer 25, the -conductive paint 
layer 26 (which also ^serves' as an extension ?of . the external 
screening) and the silver-loaded epoxy/ bond 30 to the outer 
conductor 29 of the cable, while the other surface of the film 24 

* is in contact with the silver-loaded epoxy plug 23 and is 
.30 electrically cdrtnected through it and the screw 21 to the cable 

inner conductor 27; and the inner and outer: conductors of the 

cable are connected respectively to the inner and. outer contacts 
of the socket 16. = ' " . 

The probe heads ' shown in Figures 4, 5 and 6, are similar to 

35 that shown in r Figures 2 and 3, and corresponding parts are 
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•* indicated ^by the same reference numerals. In' the probe head 
shownMri- Figure 4v however, the inner conductor 27 is bonded and 
"electrically connected directly to the -'silver-loaded conductive 
epoxy p-Vug 23, • means -of -a '"further " added smal 1 body of 
5 ; si 1 v er- ; l dad e d Con d u c't i v e e poxy rVs-W c 2 1 a f t h e ton d u c t i v e screw 21 
" '• of" the -head" shown ••fn > "F1gure : ^"-Wfng^bml tTeit'. In the head shown 
c % - ) n Figures' 5' arid '6 , : ' the i riner conductor 27 i s conducti vely 
secured to one end Of a copper wire conductor 21b by means of 
r sol der 21 c , ; the other -end of •" the conductor 21b bei ng formed as a 
10 loop embedded itvth'e si lver^loaded- epoxy plug 23 <as best seen in 
Figure 6) and in good -electrical connection therewith. In this 
case a shrurik-6n heat-shririk sleeve 28 protects the soldered 
• connection between ; the conductors 27 and 21b and provides 
insulation from the outer conductive sheath 29. 
15 The above-described embodiments of the invention provide 

robust and constructional ly simple forward-looking probe heads 
■ for use in investigating (and preferably also ablating) arterial 
'blockages; Any of the abbVe-described probe heads according to 
the invention may ■ without difficulty be made with an outside 
20' d i ame te> rib greater than 3mm, -which is probably as small as will 
■ be required for medical purposes since such a probe may be used 
to investigate and ablate blockages ; in_ correspondingly small 
- arterial vessels, and 'smaller vessels, if they become blocked, 

• - ■ 

become bypassed in-any event. 

25 'The use of ; piezdel ectric polymeric material, in particular 
; PVDF, father than a piezoelectric ceramic, as the ultrasonic 
transducer is preferred for several- reasons. Firstly, PVDF 
provides a much better acoustic impedance match with body tissue 
or fluid than does a ceramic/ arid i s a much better receiver of 

30 ultrasonic signals. Also, PVDF is inherently wideband in its 
'frequency response because of its higher internal losses compared 
with piezoelectric ceramic materials , thereby tending to reduce 
the amount of ultrasonic wave -reverberation within the transducer 
material ancf thereby tending : to increase the resolution of the 

35 transducer/ Furthermore, PVDF is robust rather than, brittle, and 
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is therefore well able to withstand ultrasound, generated during 
hjghepower use of the probe to. effect tissye ..ablatiqiu 

It will -be .understood that although i n f the illustrated probe 
heads the PVQF film 24 - 4s ma/.ta41i.sed on only one. surface, with 
. . 5 , . rel iaflce , being . <p 1 ac t «o\ on v good , A : l_Wpyer. ; contact ; of Its other 
surface w4*h.« ;*he... -conduct jy^ .epo^y tf$$4 n.. jl,ug n 23 >r .' thi s other 

- surface of ..the,* film -may al so be metal 1 i.sed : = if, r desired to remove 
the necessity, ; of. gopd -all -.ovar contact so long, as care is taken 

- ... to avoid short-circuiting ^to: the film 25 or. the. paint layer 26). 

■ lO. Also, instead of .applying a :pr_e-fcormed - f Um d -24,. the film-form 
transducer element may be formed in situ, by applying to the end 
of the plug 23 a -solution of -the PVOP;, -polymer in, a suitable 
.solvent, spinning the, device to tremove-, excess-, and heat-treating 
and subsequently, pol-ing the coated polymer layer to render it 

.15 - piezoelectrica-lly act i v-e • 

• . It will also be , -understood., that although the PVDF film 24, 
. which,, may , be .some. . -10pm 1$ thickness, is shown .as being flat it 
may- be sljghtly . disjied (for example by slightly .dishing the 
supporting, end of . the epoxy plug 23) in -order to provide a 
20 focussing : effect, j Alternatively;, as is described .in UK Patent 
Specification No.. 2212920, already referred to, a focusing effect 
may., be obtained. :by rdiyi ding the PVDF -film into electrically 
separate annular zones each, of which generates -its own signal, 
with due account being taken: of phase differences, between the 
" .25. signals; but, as -will be recognised, this requires a separate 
electrical connection for each of the annular zones and would 
- necessitate- some redesign of the , probe, heads to provide such 

multiple connections. - . 

For carrying ou.t-arv ultrasonic examination -by means of a 
30 probe according to the invention, the optical fibre in the 
cable 17 is fed. :via the connector .18 ..from a . suitable laser 
source, which may conveniently be a conventional Q-switched 
Nd:YAG laser 1 emiitijig, pulses of - 20 ns duration : at a repetition 
. frequency .of,— say, .50 Hz -and a laser wavelength ; of .1 ..06pm focused 
35 by : -a;lens of ,. say-, 4 cm focal, length into one end, of an. optical 
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- 

fibre. . ;0f\ which the other end is .connected .through the 

u . * -■ - ■ * 

conn^ctor^l8 .to: the iOptical fibre- In the. cable 17 and thus to the 
optical . fibre 12-. The i, output, of , the laser may be attenuated by 
the use of neutral density filters to such a : sieve 1 that the 

.5 . ; -energy,. 4e1.Jyerf.(J> py : - e&ch - laser , P»|l Sf re^ljtttjl .fjpom ;the exposed end 
of the -. optical : fibre 12 1s .about 3 : mJ. • Pulses of this energy 
.have been demonstrated as being quite adequate to excite a target 
- .surface into ultrasonic, oscillation which is easily detectable by 
a transducer of . the kind constituted by the PVDF film 12. The 

10 , resulting electrical signals; provided by the probe head 11 are 
.. ; proces s e d A n - Known; manner to prpv i de u 1 tr ason i c i mag i ng . 

. The same laser may be re-adjusted to provide a higher-energy 

». . — ■ • 

... .output suitable, for. ablating the target,, for example by switching 
the laser to operate in a normal mode instead of a.Q-switch mode* 
15 it will, however, be understood that alternative, low and high 

laser energy levels may be achieved in, other ways. At the target 
- ^ surface, the important. -parameter is power per unit area t and this 
. can be varied by de-focussing, the. spot illuminated, by the laser, 
.either by altering .the distance of the end pf the optical fibre 
20 from the -target surface, and /or , by, altering the optical system by 
.Which;;the laser output beam ..is. .fed to the optica] fibre system. 
. . Alternatively, as indicated ..schematically " in Figure 1, the 

i i v • - .... r 

different laser, power • level s may be derived from two different 
Jasers. LI and L2^ possibly operating at different wavelengths, 
25 -connected to respective, optical fibre transmission systems which 
.merge before reaching their conjmpn connection to the connector 18. 

Fi-qures -7 and 8 . i 1 lustrate a more elaborate probe head 
accordi-ng to the invention which, includes not only a 
forward-looking ultrasound receiving transducer element but also 
30 a plurality. of sideways-looking transducer elements, all intended 
to receive, ultrasound generated by a laser beam transmitted down 
an axial optical fibre 12. The. probe head .indicated generally 
by the reference numeral. 11 ,. has. an electrically conductive 
- metallic central . mi crotube. 32 through which the optical fibre 12 
35 extends, and surrounding the microtube 32 are an electrically 



WO 94/28804 



i?CT/GB94/01276 



- 9 - 

conductive metal disc electrode 33 in electrical ^connection with 
it and : an electrically i nsulati rig body ll 34; "suitably of epoxy 
resin, r along' the outer periphery of which -extend; in the axial 
direction, a plurality of electrodes 35. " I °As- shown in Figure 8, 
- '5 : the electrtdes "35; which may be sixteen 5 in dumber," are regularly 
; ; distributed round the 'tyl indrlcal periphery of -the body 34. Each 
• is : spaced, and 1 electrical ly insulated, at one end from the 

* * » * 

electrode 33 i and at' its other end terminates in a terminal 
sedtion 36 which extends 1 ' on' an end face of the body 34. The 
10 ' electrodes 35 arid their terminal sections 36, and also the 
electrode 33", may be preformed metal elements which are assembled 
in their intended positions relative to the microtube 32 prior to 
castfng the epoxy resin body 34 between them, or they may be thin 
metallic films which are deposited by any convenient method on 
15 the body 34 after it has been formed. 

The electrode 33^ arid the cylindrical peripheral surface of 
the body 34 and the associated electrodes : 35, : are coated with a 
continuous layer 37 of suitable " piezoelectric polymer such as 
PVDF. As described above, this may be applied by a spin coating 
'20 process in which PVDF is applied in a suitable solvent, the epoxy 
resin body 34 is rotated to obtain an even distribution of the 
' applied layer, and 5 the layer is then dwedv heat treated and 
poled to render it pfezoelefctrical Ty active. 

♦ 

A terminal cap'38 is secured by means of a suitable adhesive 
25 to that end of the body 34* which is provided With the electrode 
terminations 36. The cap 38 is formed with' v a- plural ity of 
bores 39, each in register with a- respective termination 36, for 
receiving a respective terminal wire 40 to- connect electrically 
with the termination 36. The bores 39 are of enlarged diameter 
30 at their ends adjacent the terminations 36, so that a small 
quantity of electrically conductive si 1 ver-idaded epoxy resin 41 
inserted through each bore before fitting' of the respective 
wire 40 may be forced by insertion of the wire into good contact 
both with the wire "and witfv the adjacent termination 36. The 
35 - cap 38 has a further ' bore, 42,* which accommodates a further 
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* terminal wires *3, which; is electrically connected, by solder or 

4. 

silver^loaded- epoxy resin 44, to the micro tube' 32 and thus to the 
electrode 33v ^ • • >■ • r ■ 

Final ly, the outer surf ace r ofc the ' FVDf layer- 37 is covered 
S with a layer- of si Iver-loaded* electrically conductive paint 45, 
■ ' •■' -which' also '"extends owr ^theroufer -surface? of/thercap 38. It will 
: - be understood that , T for use, the^probe iieadA31uis secured on the 
^ fend of- a cableowhichr (likecthe cable ^described above) has the 
: optical f ibre 12 1 extending "through- it --and s has an electrically 
10 " tonductivV^uter sheath -to- which ^the conductive paint layer 45 is 
connected so as v to constitute an- extension* of the electrical 
- shielding provided by the cable, sheath. In this case, the cable 
also includes seventeen signal conductor wires, of which one is 
.> -connected to* the terminal wire 43 and each of: the others is 
15 connected to" a respective one- of the terminal wires 40, the 
signal conductor wires being enamelled or otherwise insulated 
from one another and connected at their other ends to respective 
pins of -a multi-pin socket corresponding to the socket 16 shown 
in Figure; 1. . ,-• ? - 

• 20 ^ . The layer 37 of piezoelectric polymeric material in the probe 
head 31 is continuous - oyer : the electrode 33 and all the 
- electrodes 35, but each -of Its regions ^covering one of these 
electrodes, and ? sandwiched between that electrode and the 
: :overlytng outer paint layer 45', constitutes- an effectively 
25 -separate ultrasonic transducer element, with substantial ly no 
cross-talk from one transducer, element to another.. It will be 
: 'appreciated that although for purposes of illustration the 
layer 37 is shown as having, substantial thickness, in practice 
its thickness : may be only some 10 . pm or less and lateral 
30 transmission of ultrasonic vibration (wfuch in any case is quite 
heavily -damped) is minimal.* Thus the probe head 31 incorporates 
a forward-looking ultrasonic transducer element producing 
electrical output signals at the terminal wire 43, and a ring of 
tideways-looking transducer elements each producing electrical 
35 output signals at a respective one of the terminal wires 40. 
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: These "transducer* -output signals-, appl ijedv in^i Known manner to 

■4. 

appropriate signal processing equipnisnt,; enable, an ultrasonic 
image of the surroundings of the probe heard both around and 
• ahead of i t ; to tie obtained^ ♦ -t m \r - v ■■{;--.-» 
v 1 5 • :As.Jo tfte^case^of^ the. probe, head 11 s»hown in f igures 1 to 3, 
i..ttoe optical f ibre 12 ofi the rprobechead -3M s: ^connected to receive 
r ^and transmit* .a -second olaser beam of relatively- higher average 
power, 'sufficient to, provide, ablation, of a -target disposed ahead 
; 'v~_ of .the: exposed ^end.of the: optical, f.ibre; 12;; a'st well as a first 
vlO laser -beam of- lower . average^ r power- • suffjcjeM' to generate 
..v. .. ultrasound by means of -which, the target can fVnit be investigated 
r . ultrasonical ly. .As described -above-, with reference to the probe 
head 11 shown in Figures 1 to 3, the> ultrasound nray .be generated 
in the target itseTf by impingement of the firstrrla.ser beam upon 
15 it, and in: that case the ultrasound from the:-; target impinges 
directly on the forward— looking transducer- element constituted by 
the part - of 1 the* layer 37 overlying the electrode 33 and 
indirectly; after reflection at any reflective boundary disposed 
laterally of the probe head, by any appropriate' one or more of 
20 the sideways-looking transducer elements constituted by parts of 
the layer 37 overlying electrodes 35 \ . .i* 

However, it is preferred, in the case of. a probe provided 
with sideways-looking- transducer -elements as shown in Figures 7 
and 8, to arrange that the source of the ultrasound shall be not 
. 25 "th£ ultimate target, for ablation :bat the medium immediately in 
front of the free end .of the /optical \ fibre .12. , It is already 
-established practice, when a probe of;this kind : is .advanced along 
it- a blood vesselr *.to .: Jnject water or . sal ine- solution into the 
vessel so as to displace blood from the part of the vessel around 
30 and ahead of the probe ' head . Jf , as the laser LI of Figure 1, 
there is used* an: Er:YAG; -laser operating . at . a wavelength 
of 2.94pm, at which., water .and .saline -solution are highly 
« absorptive, suitable : laser pulses, from . that - rlaser emitted from 
the exposed end r of' the optical fibre -12 into the water or saline 
•35 solution ahead of the fibre ..end are absorbed within a very short 
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distance; ^hd -generate ultrasound which is radiated laterally as 
,:. well aSf forwards; so as to be reflected by the .vessel walls 
laterally • of the * probe head as, we] 1 as by any obstruction or 
-constriction ahead, so that both r?the sideways-looKing and the 
- S 1 forward-looking: : transducer Elements- produce ■% electrical output 
signals which, after processing, provide an ul trasonical ly 
derived images of the vessel -around- and :ahead of the probe head. 
: Thi"5 image "may : b:e used for positioning, the probe head relative to 
r. the vessel t walls- 7 and ; an obstruction; ahead, before switching to 
10 the second laser L2 * to provide a • second ^laser beam at a 
• wavelength for which t fee water or : saline medium is transmissive 
• - antJ at *a<; power level suitable for ablating the obstruction. It 
./ .will be : understood that- although this choice, of a suitable 
; combination; of laser wavelength and absorptive medium, to provide 
15 *. -am essentially pulse-echo , type of laser-generated ultrasonic 
prober is especially preferred ; in • the , case of a probe with 
sideways-looking ultrasonic : transducer elements (since it 
'-provides- a i we 11 defined ultrasound source, in the medium 
: immediately ahead of the probe, instead of. a source at a variable 
20 distance ahead), 1t may also be employed in use of a probe which, 
like that shown in Figures 2 and 3, is only forward-looking. 

Probes in accordance with the invention* may, and preferably 
do, incorporate, in known manner, means for co-operating with 
guide wires to assist in steering the probe head along an 
25 artery; but, for simplicity and clarity of the disclosure of the 
invention, no such means or wires are illustrated in the 
accompanying drawings. 

It will be appreciated that since, in a probe according to 
the invention, the ultrasonic signals are generated by laser 
30 irradiation, an ultrasonic transducer element in such a probe is 
required only to receive, and not to generate, ultrasound. 
Piezoelectric polymers are ideal materials for use to form the 
transducer elements in such a situation, since they have high 
"receive" sensitivity and, compared with conventional 
35 piezoelectric ceramic materials, are chemically more stable, 
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• mechanically more' robust and acoustically better/ matched to water 

A. 

and blood. Due to their low; dielectrir permittivity, they have a 
■; ; vH,--: . large ■ dielectric - g. : constant, making \: them r* good ultrasonic 
• KeceiV'ers v furthermore/ because - -of , thei r, high internal 
>5 - ^ietectriG^nd mechanical losses*, reception, is vihitrfrnslcally wide 

• v band. .ly-l-^i'^:.- .«> 

•>'- It may -be" desirable 1 that the laser LI, providing for the 
. -a- ultrasonic investigation y; shoul d- toe timab r l over a range of 1 aser 
V :: ■ wavelength? .' • - In that case , thi s 4 aser may be consti tuted by an 
^0° optical parametric: ' oscillator, offering _a wide range of 
: tunabiVity (froiir about ; 2jim to-200 nm> and a wide range of laser 
'•pulse 5 : wavelengths/ By such means 1 -,* good discrimination may be 
obtained between healthy and diseased tissue; for example, at a 
" wavelength of- 308 nm, optical penetration .depth in tissue is 
15 approximately 0/15 mm, . permi tting an ultrasound? centre frequency 
of the order of '15 . MHz, which may ~ prove : to -be , close to the 
optimum "for laser ^probing; If it transpires that such is the 
case arid a fixed lasef wavelength of . 308 nm : is .satisfactory, a 
compact XeCI exctmer . laser may be .used instead- as the laser 
20 source: - ; i: ^ : 
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-!r> - CLAIMS ' 

1. A:laser ultrasound probe, suitable for intravascular use, of 
the kind having an ultrasonic transducer element comprising an 
ultrasound receiving surface of ^Vezoelectric polymeric material 
:5 - and \ an optical stf*bre* ;wi t*r bne ^end ndi netted- rforwardly from that 
' surface 'and: arranged" ' tt> *"f ee*Wie ^ss#r^ratf1atiOn-for transmission 
through the optical fibre and emission from 'the said one end 
r : thereof , characterised " 1ncttrat-<*the 'Optica i : fibre is coupled with 
laser source mekfts adapted to provide ^alternatively a relatively 
'10 low average^ power laSBr beanM whichywhen modulated or pulsed and 
emitted, from 'the one end of : the optical fibre and incident on a 
targets will generate: ultrasound at an intensity suitable to be 
/.received by the transducer element , and converted thereby into 
i .electrical monitoring signals, and' a relatively high average 
15 power laser' beam : suitable, .when : incident on the said target, to 
-..produce, -ablation thereof, the transducer element being 
sufficiently robust to withstand the ultrasound which is then 
al so generated. ; : . *. •■ 

* 2. A laser ultrasound probe, suitable for intravascular use, of 
20 :;the kind having an ultrasonic transducer element comprising an 
ultrasound receiving surface of piezoelectric polymeric material 
and an optical fibre with one end directed forwardly from that 
surface and arranged to receive laser radiation for transmission 
through the optical fibre and emission from the said one end 
25 thereof , characterised in that the optical fibre is coupled with 
laser source means adapted to provide alternatively a relatively 
low average power laser beam at a first wavelength which, when 
modulated or pulsed and emitted from the one end of the optical 
fibre into a medium which is highly absorptive at that 
30 wavelength, will cause said medium to generate and propagate 
ultrasound at an intensity suitable to be reflected by a target 
contacted by said medium and received by the transducing element 
and converted thereby into electrical monitoring signals, and a 
relatively high average power laser beam at a second wavelength 
35 at which the said medium is transmissive and suitable, when 
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incident on the said target, to produce ablation thereof, the 
: transducing element being sufficiently, robust -to withstand the 
ul trasound which is then- al so generated.. *r \r :> 

3. ;A laser ultrasound probe , as claimed i;n .Claim 1 or Claim 2, 
. 5 characterised: : in that the "said, one • endi ; ; of the topttcal fibre 

projects, through ; and -forward ly from the; s-ai.d ultrasound receiving 

■ surface.. - - * *■ ' ■ * ; - • : 

4. A 'laser ultrasound: probe: as ;cl aimed in Claim 2, characterised 
ine that the said one end of the optical fibre- is directed in a 

10 , forward;.*.! ongitud/ina.l direction, of., the. —probe and the said 
ultrasonic transducer element 4s ar forward-looking transducer 
element of the probe, susceptible, to ultrasound generated and 
propagated forwardly in the said medium and reflected by a first 
target located in. the forward direction, and the probe is further 

.15 provided with at least one sideways-looking ultrasonic transducer 
element susceptible to ultrasound generated and propagated in the 
said medium and * reflected by a second target contacted by the 
medium and disposed laterally of the probe* 

5. A: laser ultrasound probe as claimed in Claim 4, and provided 
20 with a plurality, * suitably, sixteen, : of .th* sideways-looking 

transducer elements, disposed circumferentially round the probe 
and each having its own electrical output-signal.: connection for 
connection to signal processing apparatus .for image derivation. 

6. A laser ultrasound probe substantial ly as-. -.described herein 
25 with reference to any of the accompanying drawings^ 
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